In nature, orchid seeds obtain the nutrients necessary for germination by degrading intracellular fungal structures formed after colonization of the embryo by mycorrhizal fungi. Protocols for asymbiotic germination of orchid seeds typically use media with high concentrations of soluble carbohydrate and minerals. However, when reintroduced into the field, seedlings obtained via asymbiotic germination have lower survival rates than do seedlings obtained via symbiotic germination. Tree fern fiber, the ideal substrate for orchid seedling acclimatization, is increasingly scarce. Here, we evaluated seed germination and protocorm development of Cyrtopodium glutiniferum Raddi cultivated in asymbiotic media (Knudson C and Murashige & Skoog) and in oatmeal agar (OA) medium inoculated with the mycorrhizal fungus Epulorhiza sp., using non-inoculated OA medium as a control. We also evaluated the performance of tree fern fiber, pine bark, eucalyptus bark, corncob and sawdust as substrates for the acclimatization of symbiotically propagated plants. We determined germination percentages, protocorm development and growth indices at 35 and 70 days of cultivation. Relative growth rates and the effects of substrates on mycorrhizal formation were calculated after 165 days of cultivation. Germination efficiency and growth indices were best when inoculated OA medium was used. Corncob and pine bark showed the highest percentages of colonized system roots. The OA medium inoculated with Epulorhiza sp. shows potential for C. glutiniferum seedling production. Corncob and pine bark are promising substitutes for tree fern fiber as substrates for the acclimatization of orchid seedlings.
Introduction
Starch is the main source of carbon for immature orchid seeds. However, during the seed formation phase, starch is replaced by proteins, lipids and complex reserve sources, such as cellulose and hemicellulose (Rasmussen 1995) . In some orchid species, large quantities of protein lead to seed dormancy (Hadley 1982) . In addition, orchids produce seeds that are small and do not contain sufficient nutritional material for their initial development, characteristics that result in dependency on external carbon sources (McKendrick et al. 2002; Sequeira 2007 ) and in a low percentage of seeds germinating (Corrie & Tando 1993) . Therefore, in natural conditions, symbiotic association enables seed germination in orchids (Dearnaley 2007) . Symbiotic fungi colonize the parenchyma cells near the suspensor of the embryo of the orchid seed (Peterson et al. 2004) . The intracellular structures (pelotons) formed by the fungus within these cells are degraded by the embryo to obtain the nutrients required for its germination and development until the establishment of the adult plant, a phenomenon known as "mycoheterotrophy" (Rasmussen 1995; Peterson et al. 2004) .
Various culture media have been developed for the asymbiotic in vitro germination of orchid seeds; that is, without the presence of the fungal symbiont (Rasmussem 1995; Martini et al. 2001) . The use of different formulations of media, with the addition of mineral salts, hormones, vitamins or organic compounds, is aimed at improving the germination and the asymbiotic in vitro development of these seedlings (Martini et al. 2001; Campos 2004; Rodrigues et al. 2012) . However, in vitro experiments have shown that symbiotic seed germination enables faster development than does germination in asymbiotic culture media (Markovina & McGee 2000; Takahashi et al. 2001; Stewart & Kane 2006) .
For the acclimatization of seedlings propagated in vitro, tree fern fiber, obtained by shredding the stem of Dicksonia sellowiana Hook, known locally as samambaiaçu, was once one of substrates most widely used by orchid enthusiasts and commercial orchid growers in Brazil. However, because there has been extensive extraction of these tree ferns and to require 15-18 years to reach the ideal stage for extraction (Lorenzi & Souza 2001) , they are now on the official list of endangered plant species in Brazil (Brasil 2009 ). Therefore, measures t o restrict the use of tree fern fiber and its derivatives have been implemented and alternative substrates have been tested (Demattê & Demattê 1996; Faria et al. 2001; Macedo et al. 2011) .
There are high diversity of orchids in Brazil, exceeding 2,400 species (Barros et al. 2012) , and approximately 39 species are endangered (Brasil 2009 ). Studies on the symbiotic propagation of seedlings are thus fundamental for programs of reintroduction of endangered species, as well as for the production of seedlings of orchids of commercial interest (Zettler 1997) . Consequently, it is essential to select substrates other than tree fern fiber to acclimatization of Orchidaceae seedlings.
Cyrtopodium glutiniferum Raddi is a rupicolous orchid found in the Brazilian southeast, in the states of Minas Gerais and Rio de Janeiro (Bocayuva 2007; Barros et al. 2012) . It flowers between July and November and usually fruits in this same period (Bocayuva 2007) . It has great ornamental value because of the characteristics of its vegetative part and inflorescences (Caramaschi 2001) . The species is also of medical importance, because its pseudobulbs contain a carbohydrate with anti-inflammatory properties (glucomannan) and other chemical compounds with potential applications (Barreto & Parente 2006) .
The main objective of this study was to compare the germination and development of seeds of C. glutiniferum cultivated in asymbiotic media with those cultivated in medium inoculated with the mycorrhizal fungus. We selected two asymbiotic media commonly used in orchid seed germination: Knudson C (KC, Knudson 1922); and Murashige & Skoog (MS, Murashige & Skoog 1962) . To evaluate symbiotic germination, the mycorrhizal fungus Epulorhiza sp. was inoculated into oatmeal agar (OA) medium . In addition, we evaluated the use of substrates other than tree fern fiber for the acclimatization of the symbiotically propagated seedlings.
Material and methods
The experiments were conducted in the Laboratory of Mycorrhizal Associations and in the greenhouse of the Department of Microbiology/Institute for Applied Agricultural Biotechnology, at the Federal University of Viçosa, located in the city of Viçosa, in the state of Minas Gerais, Brazil.
Mature capsules of C. glutiniferum were collected from adult individuals cultivated in greenhouses on the Barreto 2 farm, located in the Riograndina district of the municipality of Nova Friburgo, in the state of Rio de Janeiro. In the laboratory, the capsules were opened and 200 mg of seeds were weighed using a precision scale (MARK 500; BEL Engineering, Monza, Italy). The seeds were superficially disinfected with a solution of NaOCl (2% of active Cl) for 5 min and washed three times with autoclaved distilled water. The disinfected seeds were immersed in 50 mL of autoclaved distilled water under constant agitation. Later, with the aid of autoclaved micropipettes and tips, 200 μl of the seed suspension (mean of 100 seeds per 200 μl) were pipetted into ten Petri dishes containing 25 mL of the OA culture medium (oatmeal 4 g L , sucrose 30 g L −1 , pH 5.6). Symbiotic germination was evaluated in the OA medium with the inoculation of the mycorrhizal fungus Epulorhiza sp., a natural symbiont of Epidendrum secundum Lindl. (Pereira et al. 2009) . A disk 8 mm in diameter, containing fungal mycelium obtained from the borders of colonies of the fungus Epulorhiza sp. grown on potato dextrose agar medium (Merck, Darmstadt, Germany), was deposited in each of the Petri dishes containing OA medium and orchid seeds. The OA medium is frequently used to promote symbiotic germination, because it is a source of complex carbohydrates, which favor symbiosis. Dishes containing OA medium without inoculation of the mycorrhizal fungus were maintained as controls. Asymbiotic germination was evaluated in the KC and MS media. The dishes were sealed with PVC film and kept in a growth chamber at 28°C, on a 16/8 h light/dark cycle (light at 38.20 ± 10.42 μmol photons m 2 s −1
). The germination of seeds and the development of protocorms were evaluated at 35 and 70 days of incubation, with a stereoscopic light microscope (SZ40; Olympus, Tokyo, Japan). We considered six development stages, based on a modification of the methodology of Zettler & Hofer (1998) , as the following: 0 = no germination; 1 = well developed embryo inside the seed coat; 2 = rupture of the integument; 3 = formation of the promeristem; 4 = formation of the first leaf with well-developed radicles; and 5 = protocorm 0.5 cm in diameter, with formation of the second leaf and first roots.
At 35 and 70 days after sowing, we evaluated the number of protocorms in the different germination stages in the five applications of each treatment. These data were used to calculate the percentage of protocorms in the different development stages and the growth index of the protocorms. In this calculation, we considered the percentages of the protocorms classified as stages 2 through 5, because the absorption of water by the embryo might lead to responses similar to those described for stage 1. The growth index of Acta bot. bras. 27(3): 590-596. 2013.
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where GI is the growth index; and N0 is the number of seeds in stage 0, N1 is the number of seeds in stage 1, etc. Tree fern stem, pine bark, eucalyptus bark, corncob and sawdust were tested as substrates. The experimental design was completely randomized, using six substrates, and each condition was applied in quintuplicate. The eucalyptus bark, corncob and sawdust were boiled for 60 min and autoclaved twice at 121°C for 40 min, with an interval of 24 h between each autoclaving cycle. The tree fern fiber stem and the pine bark were used as commercially obtained. The substrates were transferred to 300 mL plant cell culture vessels (Magenta TM ; Sigma-Aldrich, St. Louis, MO, USA) and autoclaved at 121°C for 40 min. Before transferring the plants to the substrates, we evaluated the total fresh weight of the plant, the length of the longest root, and the height of the shoot. One plant was placed in each culture vessel, five per substrate, and the vessels were filled to their maximum capacity with substrate.
The seedlings were kept in a greenhouse with 50% shading, watered once a week and fertilized every fifteen days with Clark's nutrient solution (Clark 1975) . After 165 days, we repeated the evaluation of the total fresh weight of the plant, the length of the longest root, and the height of the shoot. These measures were used to calculate the relative growth rate (RGR) for each variable, using the following formula:
where RGR is the relative growth rate; ln is the natural logarithm; E 1 and E 2 are the values of the variables obtained at the first and second evaluations, respectively; and t 1 and t 2 , respectively, are the time, in days, of each evaluation.
To determine the effect of the substrates on the mycorrhization, we randomly selected three plants on each substrate and one root of each plant, evaluating three roots per substrate, after 165 days of cultivation. The roots were washed and sectioned into three equal fragments. From each fragment, we prepared 25 cross-sections. The percentage of mycorrhizal sections, the percentage of cortex colonization and the percentage of sections with intact and degraded pelotons were determined under light microscopy.
The data were submitted to one-way ANOVA with the F-test and the comparison of means was performed with Tukey's test at the 5% level of significance, using the program Sisvar (Ferreira 2011) . Graphs were generated by the program Sigma Plot, version 12.0 (Systat Software, San Jose, CA USA).
Results and discussion
The seeds of C. glutiniferum germinated in both asymbiotic media (KC and MS) and in the inoculated OA medium (Fig. 1) . The seeds incubated in OA medium without inoculation did not germinate, remaining at stage 0 until the evaluation at 70 days. After 35 days of incubation, we observed protocorms at stage 3 in the inoculated OA medium and in the KC medium, whereas those in the MS medium the protocorms did not develop beyond stage 1 (Fig. 1A) . At 70 days, we observed protocorms at stage 5 in the inoculated OA medium, whereas the protocorms in the KC and MS media developed only to stage 3 (Fig. 1B) . This indicates that the OA medium inoculated with Epulorhiza sp. was more efficient in promoting the germination and in vitro development of C. glutiniferum than were the asymbiotic media tested. During a periodic evaluation in experiments comparing symbiotic and asymbiotic methods, more advanced development is typically observed in symbiotic germination (Muir 1989; Markovina & Mcgee, 2000; Takahashi et al. 2001; Nontachaiyapoom al. 2011) . Considering that the OA medium used in the symbiotic method is nutrient poor, the faster development of protocorms in this medium indicates the importance of mycorrhizal fungi on the germination and development of orchids. However, Nontachaiyapoom et al. (2011) obtained protocorms of Dendrobium draconis Rchb. f. with a well-developed first leaf (stage 5) at similar percentages between the seeds germinated with the symbiotic method (OA medium inoculated with the fungus Epulorhiza sp.) and the seeds germinated with the asymbiotic method (MS medium). According to the authors, the metabolism of the seeds of this plant might be more adapted to respond to an exogenous carbon source than that of other orchids. Simple sugars, such as sucrose, may serve as an exogenous source of carbon and energy for the development of the orchid embryo, from the heterotrophic phase of protocorm until reaching the autotrophic phase of juvenile or adult plant (Rasmussen 1995; Nontachaiyapoom et al. 2011) . Therefore, asymbiotic media are rich in sugar.
Asymbiotic media are routinely used for seed germination of orchids in the commercial production of seedlings (Campos 2004) . Several studies invested in asymbiotic media to germinate the seeds of terrestrial and epiphyte endangered species of orchids (Zeng et al. 2012; Roy et al. 2011) . In some studies, the obtained seedlings were reintroduced to their natural habitats with a survival rate reaching 60% of the seedlings after two years in the field (Zeng et al. 2012) .
The incapacity of the seeds to germinate in the OA medium without the inoculation of the mycorrhizal fungus confirms the necessity of the seed to associate with a compatible fungus from which to obtain simple carbon molecules, such as trioses and hexoses. This association is necessary because the lipid and protein reserves of the embryo are not sufficient to enable the beginning of its development (Peterson et al. 2004) . However, the efficiency of such association might vary for fungal isolates of a same species, same genus or different genera (Otero et al. 2005) . Some orchid species germinate only in the presence of their fungal symbiont . Others might germinate in association with fungi obtained from other orchid species (Zettler 1997) . Fungal isolates obtained from the same orchid and morphologically equal might have different percentages of germination and development of protocorms when co-inoculated with seeds of their host plant (Pereira et al. 2011 ). This suggests that there is no absolute specificity between the orchid and the fungal symbiont in vitro. Therefore, for the utilization of mycorrhizal fungi on the symbiotic production of seedlings, it is important to test the efficiency of the fungus in promoting the germination and development of seedlings (Rasmussen 2002; Stewart & Kane 2006) . The isolate of Epulorhiza sp. used in this study was the one with the highest growth index in the experiment performed by Pereira et al. (2011) . It has also been successfully used in the seed germination of other orchid species (unpublished data) and has been considered a promising isolate for the production of orchid seedlings.
The inoculation promoted the highest growth index of the protocorms, approximately 1.0 at 35 days, whereas the other culture media had an index below 0.2 ( Fig. 2A) and can be considered of low efficiency, according to the results obtained by Pereira et al. (2011) . At 70 days the inoculated medium was also the one with the highest growth rate, approximately 1.8, whereas the other culture media had as index of approximately 1.0 (Fig. 2B) . The inoculation of the mycorrhizal fungus was fundamental, because it enabled the development of the protocorms in a short period of time, in comparison to the asymbiotic media. Additionally, it reduced the production costs, considering that the OA medium is relatively inexpensive in comparison to the commercial asymbiotic media.
The relative growth rates for the variables analyzed did not differ by the Tukey's test (p>0.05) for the substrates studied, despite the occurrence of discrepancies (Tab. 1). However, alternative substrates to tree fern fiber such as pine bark, eucalyptus bark, coconut shell chips, coconut fiber, mixed with peat and perlite, have been efficient for the cultivation of seedlings of orchids and other ornamental plants (Kanashiro et al. 2008) . Coconut fiber and the pine bark-coconut fiber mix have been shown to be viable alternatives to tree fern fiber and peat moss for the cultivation of the orchid Cattleya intermedia Graham, during the period of acclimatization (Lone et al. 2008) .
In the present study, although there was no difference between the substrates regarding growth (p>0.05), we observed that the values for weight and growth of the shoot obtained with pine bark were most similar to those obtained with tree fern fiber (Tab. 1). The pine bark in a mix with carbonized rice hull has also been shown to be efficient for the acclimatization of seedlings of the hybrid of the orchid C. intermedia X Hadrolaelia purpurata (Lindl. & Paxton) Chiron & V.P. Castro (Sorace et al. 2009) .
Greater development of the roots in relation to the shoot was observed for the sawdust substrate (Tab. 1). According to Sequeira (2007) , this development pattern can result from the hydric stress suffered by the seedlings. That author observed the same pattern in an evaluation of coconut shell chips as an alternative to tree fern fiber as a substrate for the growth of the orchid Hadrolaelia perrinii (Lindl.) Chiron & V.P. Castro. In the remaining substrates, greater development of the shoot in relation to the roots was observed.
We observed that the type of substrate affected the mycorrhizal colonization of the roots of C. glutiniferum (Tab. 2). The percentage of mycorrhizal sections was highest for the substrates eucalyptus and corncob (Tab. 2), intermediate for sawdust and tree fern fiber and lowest for pine bark (Tab. 2). The plants grown on pine bark and eucalyptus bark had the lowest values for colonization of the cortex, which did not differ significantly between the two (Tab. 2). The proportion of the cortex that was colonized was over 50% for the remaining substrates (Tab. 2). Substrates used in the acclimatization of mycorrhizal orchid seedlings must guarantee sufficient colonization of the roots in order to maintain the association throughout the development of the plant, thus increasing the expected seedling survival rate. The eucalyptus bark and corncob substrates had the highest percentages of colonized sections. Corncob had the highest percentage of cortex colonized and the second highest percentage of intact pelotons (Tab. 2).
In the present study, we found intact pelotons together with digested pelotons, which indicates the cyclical character of the association (Uetake et al. 1997; Sequeira 2007) . Therefore, the period during which the plant actually benefits from the fungal association remains unknown, as does the appropriate timing of observation. Similar results were obtained by Sequeira (2007) . According to Zettler et al. (1999) , at an initial moment, the seeds would benefit from the association with mycorrhizal fungi, however there is a lack of studies that are sufficiently long to observe whether the future requirements of the plants are met by this association (Sequeira 2007) .
As can be seen in Tab. 2, there were no difference between the substrates regarding the proportions of intact and degraded pelotons (p>0.05). Substrates on which the percentages of degraded pelotons are higher are those on Means followed by the same letter in the same column indicate no statistically significant difference, according to Tukey's test at a probability of 5%. which the plant gains the most benefit from the lysis of fungal structures (Uetake et al. 1997) , because the minerals required for orchid development, such as phosphorus and nitrogen, are obtained during the degradation of pelotons (Cameron 2006; Dearnaley 2007) . In addition, the presence of intact pelotons only, regardless of their quantity and the substrate employed, might indicate late infection or recolonization of the radicle cortex by the mycorrhizal fungi (Sequeira 2007) . When the objective is the introduction of seedlings in the field, analyses of the effect of substrates on the mycorrhizal association are fundamental, because seedlings with mycorrhizae have a greater chance of survival than do those with no mycorrhizae and seedlings cultivated by asymbiotic processes rarely survive when transferred to their natural habitat (Clements et al. 1986; Andersen & Rasmussen 1996; Pereira et al. 2011) .
Conclusions
The symbiotic method is highly efficient in promoting the germination of seeds and the development of protocorms of C. glutiniferum. Corncob and pine bark are promising substrates for the acclimatization of seedlings of C. glutiniferum inoculated with mycorrhizal fungus, because they ensure a higher percentage of colonized sections.
